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(57) ABSTRACT

An angular rotation sensor system constituted of: an input
shaft target and an output shaft target each comprising a
plurality of members parallel to a longitudinal axis of an
input shait or output shait; a gear target with an angular
velocity exhibiting a predetermined ratio with an angular
velocity of the input shaft, the gear target comprising a
plurality of members, each extending away from the input
shaft and orthogonal to a plane which 1s parallel to the
longitudinal axis of the mput shaft; and a control circuitry
arranged to: determine an angular position of the input shaft
responsive to a sensed angular rotation of the input shaft
target and a sensed angular rotation of the gear target; and
determine the amount of torque applied to the input shaft
responsive to the sensed angular rotation of the mput shaft
target and a sensed angular rotation of the output shaft target.
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1000 | SENSE ANGULAR ROTATION OF INPUT SHAFT TARGET RESPONSIVE TO
RELATIVE MOVEMENT BETWEEN FACE OF INPUT SHAFT TARGET
MEMBERS AND INPUT SHAFT TARGET SENSOR

SENSE ANGULAR ROTATION OF GEAR TARGET RESPONSIVE TO RELATIVE
1010 MOVEMENT BETWEEN FACE OF GEAR TARGET MEMBERS AND GEAR
TARGET SENSOR, ANGULAR VELOCITY OF GEAR TARGET EXHIBITING
PREDETERMINED RATIO WITH ANGULAR VELOCITY OF INPUT SHAFT

1020 DETERMINE ANGULAR ROTATION OF INPUT SHAFT RESPONSIVE TO
SENSED ANGULAR ROTATIONS OF INPUT SHAFT TARGET AND GEAR
TARGET

1030 | SENSE ANGULAR ROTATION OF OUTPUT SHAFT TARGET RESPONSIVE TO
RELATIVE MOVEMENT BETWEEN FACE OF OUTPUT SHAFT TARGET
MEMBERS AND OUTPUT SHAFT TARGET SENSOR

1040 |PDETERMINE AMOUNT OF TORQUE APPLIED TO INPUT SHAFT RESPONSIVE
TO SENSED ANGULAR ROTATION OF INPUT SHAFT TARGET AND SENSED

ANGULAR ROTATION OF OUTPUT SHAFT TARGET

1050
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FIG. 2F
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1
ANGULAR ROTATION SENSOR SYSTEM

BACKGROUND OF THE INVENTION

The mvention relates generally to the field of electrical
powered steering wheel systems and in particular to a
system and method for sensing angular rotation position and
torque.

Electrically powered steering wheel systems have been
developed to meet the tighter fuel economy standard. This 1s
achieved by replacing a belt-driven hydraulic pump, which
1s constantly running whether assistance 1s required or not,
with a brushless DC motor (BLDC). The electric motor 1s
activated only when the steering assist 1s required, thereby
saving energy. Another major advantage 1s the elimination of
a belt-driven engine accessory, and several high-pressure
hydraulic hoses between the hydraulic pump, mounted on
the engine, and the steering gear, mounted on the chassis.
This greatly simplifies manufacturing and maintenance. By
incorporating electronic stability control, electric power
steering systems can instantly vary torque assist levels to aid
the driver in corrective maneuvers. As a result, there 1s a
rapid increase in the demand for steering wheel sensing
systems which are low cost and rehable.

FIG. 1 illustrates a high level block diagram of an
clectrical powered steering wheel system 10 known to the
prior art, electrical powered steering wheel system 10 com-
prising: a steering wheel 20; a steering angular position
sensor 30; a torque sensor 40; a vehicle speed sensor 50; an
clectronics control umt (ECU) 60; a motor 70, i one
embodiment comprising a BLDC motor; a reduction gear
80; and a steering column 90. Steering angular position
sensor 30 1s arranged to track the rotation of steering wheel
20 and ECU 60 1s arranged to determine the angular position
of steering wheel 20 responsive to the tracking of steering
angular position sensor 30. ECU 60 1s further arranged, 1n
cooperation with torque sensor 40, to determine the torque
applied to steering wheel 20. Responsive to the determined
angular position and applied torque, ECU 60 1s arranged to
apply assistive torque via motor 70 to reduction gear 80 or
steering column 90. The applied assistive torque 1s further
responsive to the speed of the vehicle detected by vehicle
speed sensor 30.

As 1llustrated, system 10 relies primarily on steering
angular position sensor 30 and torque sensor 40. U.S. Pat.
No. 7,726,208, granted Jun. 1, 2010 to Hoeller et al., the
entire contents of which incorporated herein by reference, 1s
addressed to a combined steering and torque sensor. Unfor-
tunately, the design of Hoeller requires several sensor cir-
cuits, which thus requires separate integrated circuits for the
steering angle sensor element and the steering torque sensor
element, which adds to cost.

SUMMARY OF THE INVENTION

Accordingly, it 1s a principal object of the present inven-
tion to overcome disadvantages of prior art methods and
arrangements of. This 1s provided in the present disclosure
by an angular rotation sensor system comprising: an input
shaft; an output shait; a torsion bar coupled between the
input shait and the output shait; an mput shaft target
enclosing the input shatt, the input shait target comprising a
plurality of input shatt target members, each of the plurality
of mput shait target members exhibiting a face parallel to a
longitudinal axis of the mput shait; an output shait target
enclosing the output shafit, the output shaft target comprising
a plurality of output shaft target members, each of the
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plurality of output shaft target members exhibiting a face
parallel to a longitudinal axis of the input shatt; a gear target,
an angular velocity of the gear target exhibiting a predeter-
mined ratio with an angular velocity of the input shatt, the
gear target comprising a plurality of gear target members
exhibiting a face orthogonal to the longitudinal axis of the
input shait and to a plane defined by the angular rotation of
the gear target; an input shaft target sensor arranged to sense
an angular rotation of the input shait target responsive to
relative movement between the face of each of the plurality
of mput shait target members and the mput shait target
sensor; an output shaft target sensor arranged to sense an
angular rotation of the output shait target responsive to
relative movement between the face of each of the plurality
ol output shaft target members and the output shait target
sensor; a gear target sensor arranged to sense an angular
rotation of the gear target responsive to relative movement
between the face of each of the plurality of gear target
members and the gear target sensor; and a control circuitry,
the control circuitry arranged to: determine an angular
position of the mput shait responsive to the sensed angular
rotation of the input shait target and the sensed angular
rotation of the gear target; determine the torque applied to
the input shatt responsive to the sensed angular rotation of
the mput shaft target and the sensed angular rotation of the
output shaft target; and output the determined angular posi-
tion and the torque of the input shatt.

In one embodiment, the angular rotation sensor system
further comprises a printed circuit board (PCB), the input
shaft target sensor, the output shaft target sensor and the gear
target sensor disposed on the PCB, wherein the PCB defines
a plane parallel to the longitudinal axis of the input shatt. In
another embodiment, the angular rotation sensor system
further comprises a first tooth gear enclosing a second
portion of the input shaft, the first tooth gear exhibiting a first
number of teeth; and a second tooth gear exhibiting a second
number of teeth, the teeth of the second tooth gear meshed
with the teeth of the first tooth gear, the gear target coupled
to the second tooth gear and arranged to rotate responsive to
a rotation of the second tooth gear, wherein the arrangement
to determine the angular position of the input shatt 1s further
responsive to the ratio of the first number of teeth to the
second number of teeth.

In one embodiment, the second tooth gear 1s perpendicu-
lar to the first tooth gear. In another embodiment, each of the
plurality of gear target members extends from a circular
base, the parallel plane defined by the circular base.

Independently, the embodiments provide for an angular
rotation sensor system comprising: an input shait target
enclosing a first portion of an input shaft, the input shaft
target comprising a plurality of input shait target members,
cach of the plurality of input shaft target members exhibiting
a face parallel to a longitudinal axis of the mput shaft; an
output shait target enclosing a portion of an output shait, the
output shaft target comprising a plurality of output shaft
target members, each of the plurality of output shaft target
members exhibiting a face parallel to a longitudinal axis of
the output shait; a gear target, an angular velocity of the gear
target exhibiting a predetermined ratio with an angular
velocity of the input shaft, the gear target comprising a
plurality of gear target members, each of the plurality of gear
target members extending away from the imput shait and
exhibiting a face orthogonal to a plane which is parallel to
the longitudinal axis of the input shait; an input shaft target
sensor arranged to sense an angular rotation of the input
shaft target responsive to relative movement between the
face of each of the plurality of mput shaft target members
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and the mput shaft target sensor; an output shait target
sensor arranged to sense an angular rotation of the output
shaft target responsive to relative movement between the
face of each of the plurality of output shait target members
and the output shait target sensor; a gear target sensor
arranged to sense an angular rotation of the gear target
responsive to relative movement between the face of each of
the plurality of gear target members and the gear target
sensor; and a control circuitry, the control circuitry arranged
to: determine an angular position of the mput shait respon-
sive to the sensed angular rotation of the mput shaft target
and the sensed angular rotation of the gear target; determine
the amount of torque applied to the mput shaft responsive to
the sensed angular rotation of the input shait target and the
sensed angular rotation of the output shaift target; and output
the determined angular position and the determined torque
amount of the mnput shaft.

In one embodiment, the angular rotation sensor system
turther comprises a printed circuit board (PCB), the mput
shaft target sensor, the output shait target sensor and the gear
target sensor disposed on the PCB, wherein the PCB defines
a plane parallel to the longitudinal axis of the input shatt. In
another embodiment, the angular rotation sensor system
turther comprises: a first tooth gear enclosing a second
portion of the input shaft, the first tooth gear exhibiting a first
number of teeth; and a second tooth gear exhibiting a second
number of teeth, the teeth of the second tooth gear meshed
with the teeth of the first tooth gear, the gear target coupled
to the second tooth gear and arranged to rotate responsive to
a rotation of the second tooth gear, wherein the arrangement
to determine the angular position of the input shaft 1s further
responsive to the ratio of the first number of teeth to the
second number of teeth.

In one embodiment, the second tooth gear 1s perpendicu-
lar to the first tooth gear. In another embodiment, each of the
plurality of gear target members extends from a circular
base, the parallel plane defined by the circular base.

Independently, the embodiments provide for a method of
sensing angular rotation, the method comprising: providing
an input shait target enclosing a first portion of an input
shaft; providing an output shaift target enclosing a portion of
an output shait; providing a gear target, an angular velocity
of the gear target exhibiting a predetermined ratio with an
angular velocity of the mput shaft; sensing an angular
rotation of the input shait target; sensing an angular rotation
of the output shait target; sensing an angular rotation of the
gear target; determiming an angular position of the nput
shaft responsive to the sensed angular rotation of the input
shaft target and the sensed angular rotation of the gear target;
determining the amount of torque applied to the mput shait
responsive to the sensed angular rotation of the input shaft
target and the sensed angular rotation of the output shaft
target; and outputting the determined angular position and
the determined torque amount of the iput shafit.

In one embodiment, the provided mput shaft target com-
prises a plurality of input shaft target members, each of the
plurality of put shaft target members exhibiting a face
parallel to a longitudinal axis of the mnput shatt. In another
embodiment, the sensing of an angular rotation of the mput
shaft target 1s responsive to relative movement between the
face of each of the plurality of mnput shaft target members
and an input shait target sensor.

In one embodiment, the output shait target comprises a
plurality of output shaft target members, each of the plurality
ol output shait target members exhibiting a face parallel to
a longitudinal axis of the output shaft. In another embodi-
ment, the sensing of an angular rotation of the output shait
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target 1s responsive to relative movement between the face
of each of the plurality of output shaft target members and
an output shait target sensor.

In one embodiment, the gear target comprises a plurality
ol gear target members, each of the plurality of gear target
members extending away from the input shaft and exhibiting
a Tace orthogonal to a plane which 1s parallel to the longi-
tudinal axis of the input shaft. In another embodiment, the
sensing of an angular rotation of the gear target 1s responsive
to relative movement between the face of each of the
plurality of gear target members and a gear target sensor.

In one embodiment, the provided input shatt target com-
prises a plurality of mput shaft target members, each of the
plurality of input shait target members exhibiting a face
parallel to a longitudinal axis of the input shaft, and wherein
the sensing an angular rotation of the mput shaft target 1s
responsive to relative movement between the face of each of
the plurality of input shait target members and an input shaft
target sensor. In another embodiment, the output shait target
comprises a plurality of output shatit target members, each of
the plurality of output shait target members exhibiting a face
parallel to a longitudinal axis of the output shaft, and
wherein the sensing an angular rotation of the output shaft
target 1s responsive to relative movement between the face
of each of the plurality of output shaft target members and
an output shaft target sensor. In one further embodiment, the
gear target comprises a plurality of gear target members,
cach of the plurality of gear target members extending away
from the mput shaft and exhibiting a face orthogonal to a
plane which 1s parallel to the longitudinal axis of the input
shaft, and wherein the sensing an angular rotation of the gear
target 1s responsive to relative movement between the face
of each of the plurality of gear target members and a gear
target sensor

Additional features and advantages of the invention will
become apparent from the following drawings and descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and to show
how the same may be carried into etlect, reference will now
be made, purely by way of example, to the accompanying
drawings 1n which like numerals designate corresponding
clements or sections throughout.

With specific reference now to the drawings 1n detail, 1t 1s
stressed that the particulars shown are by way of example
and for purposes of illustrative discussion of the preferred
embodiments of the present invention only, and are pre-
sented 1n the cause of providing what 1s believed to be the
most useful and readily understood description of the prin-
ciples and conceptual aspects of the invention. In this regard,
no attempt 1s made to show structural details of the invention
in more detail than 1s necessary for a fundamental under-
standing of the invention, the description taken with the
drawings making apparent to those skilled in the art how the
several forms of the invention may be embodied 1n practice.
In the accompanying drawings:

FIG. 1 illustrates a high level block diagram of an
clectrical power steering wheel system, as known to the
prior art;

FIGS. 2A-2F illustrate various views of an angular rota-
tion sensing system, according to certain embodiments; and

FIG. 2F 1llustrates a high level tlow chart of a method of
operation of a control circuitry of the angular rotating
sensing system, according to certain embodiments.
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DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Before explaining at least one embodiment of the inven-
tion 1n detail, 1t 1s to be understood that the invention 1s not 5
limited 1n its application to the details of construction and
the arrangement of the components set forth in the following,
description or illustrated in the drawings. The mvention 1s
applicable to other embodiments or of being practiced or
carried out 1n various ways. Also, it 1s to be understood that 10
the phraseology and terminology employed herein 1s for the
purpose ol description and should not be regarded as lim-
iting.

FIG. 2A illustrates various views of a high level schematic
view of an angular rotation sensing system 100, according to 15
certain embodiments. FIG. 2B illustrates angular rotation
sensing system 100, with a PCB 220 partially transparent;
FIG. 2C illustrates a high level top view of a circular base
225 and with a plurality of clongated members 240 1n
different positions in relation to PCB 220; FIG. 2D 1llus- 20
trates a high level block dlagram of PCB 220; FIG. 2E
illustrates a high level side view of an mput shaft 120, an
output shaft 140 and a torsion bar 250; and FIG. 2F
illustrates a high level flow chart of the method of the
operation of an 1nput shait target sensor 180, an output shaft 25
target sensor 190, a gear target sensor 200 and a control
circuitry 210, FIGS. 2A-2F being described together.

Angular rotation sensing system 100 comprises: an input
shaft target 110 enclosing a portion 115 of input shaft 120;
an output shaft target 130 enclosing a portion 135 of output 30
shaft 140; a tooth gear 150 enclosing a portion 155 of 1nput
shaft 120 and 1n communication with an end of mput shaift
target 110; a tooth gear 160 arranged to mesh with tooth gear
150; a gear target 170; a spring 175; an 1mput shait target
sensor 180; output shaft target sensor 190; gear target sensor 35
200; control circuitry 210; and printed circuit board (PCB)
220 having thereon input shaft target sensor 180, output
shaft target sensor 190, gear target sensor 200 and control
circuitry 210. Advantageously, only a single PCB 220 1s
required, 1n place of the multiple PCBs of the prior art. 40

Each of input shait target 110, output shaft target 130 and
gear target 170 comprises: a circular base 225 exhibiting a
hole 230 1n the center thereof; and the plurality of elongated
members 240 extending perpendicularly from the edge of
circular base 223 at a maximal radial distance from hole 230. 45
In one embodiment, elongated members 240 are each com-
posed of a conductive material. In one embodiment, elon-
gated members 240 of each of input shait target 110, output
shaft target 130 and gear target 170 are all similar to each
other. In another embodiment, the elongated members 240 50
of gear target 170 are ditlerent from the elongated members
240 of input shatt target 110 and output shait target 130.

Each elongated member 240 exhibits an outer face 245
which extends along the length of elongated member 240,
1.e. extends from circular base 225, and faces away from 55
circular base 225. Input shaft 120 1s coupled to output shaft
140 via torsion bar 250 such that input shait 120, torsion bar
250 and output shait 140 form an elongated bar which
allows for a temporary angular displacement about a joint
central longitudinal axis due to the action of torsion bar 250. 60
In one embodiment, portion 115 of input shait 120 1is
between portion 155 thereof and torsion bar 250 such that
input shaft target 110 1s positioned between tooth gear 150
and torsion bar 250. In one embodiment tooth gear 150 1s
disposed coaxially with input shaft target 110 at a face of the 65
respective circular base 2235 opposing respective elongated
members 240.

6

Input shaft 120 extends through hole 230 of mput shaift
target 110 and output shait 140 extends through hole 230 of
output shaft target 130. In one embodiment, elongated
members 240 of input shatt target 110 and elongated mem-
bers 240 of output shait target 130 each extend away from
torsion bar 250 along a common longitudinal axis 260. Outer
tace 2435 of each elongated member 240 of input shait target
110 and outer face 245 of each elongated member 240 of
output shait target 130 are generally parallel to the common
longitudinal axis 260 of input shaft 120 and output shaft 140,
1.¢. the common longitudinal axis of the bar formed by 1mnput
shaft 120, torsion bar 250 and output shait 140.

Tooth gear 150 exhibits a first number of teeth 270 and
tooth gear 160 exhibits a second number of teeth 270, the
ratio of the number of teeth 270 of tooth gear 160 to the
number of teeth 270 of tooth gear 150 being a predetermined
value. Tooth gear 160 1s positioned perpendicularly to tooth
gear 150 and teeth 270 of tooth gear 160 are meshed with
teeth 270 of tooth gear 150 such that a rotation of tooth gear
150 causes a rotation of tooth gear 160, the ratio of the
angular velocity of tooth gear 160 to the angular velocity of
tooth gear 150 being equal to the value of the tooth number
ratio. Gear target 170 1s coupled to tooth gear 160 1n a
parallel position such that elongated members 240 thereof
cach extend away from input shaft 120 and outer face 245
of each elongated member 240 thereof 1s orthogonal to a
plane 280, plane 280 being parallel to longitudinal axis 260.
Spring 175 extends from tooth gear 160, through hole 230
of gear target 170, to a housing (not shown). Spring 175
applies a small amount of force on tooth gear 160 which
minimizes any backlash/slop 1 the meshing of tooth gears
150 and 160.

In one embodiment, each of input shaift target sensor 180,
output shait target sensor 190 and gear target sensor 200
comprises a planar coil. Each of input shait target sensor
180, output shait target sensor 190 and gear target sensor
200 1s 1n communication with control circuitry 210, and
control circuitry 210 1s 1n communication with a motor or
other ECU (not shown) for providing assistive torque, as
described above. In one embodiment, PCB 220 exhibits a
generally planar shape parallel to longitudinal axis 260.
Input shait 120 1s 1n mechanical communication with a
steering wheel (not shown) and output shait 140 1s 1n
mechanical communication with a steering column (not
shown).

In operation, 1n stage 1000, when input shatt 120 rotates
due to rotation of the steering wheel, input shait target sensor
180 1s arranged to sense the angular rotation of input shaift
target 110 responsive to relative movement therebetween.
Particularly, mput shaft sensor 180 outputs a different
amount of voltage when outer face 245 of an elongated
member 240 of input shait target 110 1s presented to 1t than
when a gap 247 between adjacent elongated members 240 of
input shaft target 110 1s presented to 1t. As illustrated 1n FIG.
2C, 1n a first position 290, an elongated member 240 of input
shaft target 110 1s dlrectly in front of PCB 220 and input
shaft target sensor 180 1s arranged to output an amount of
voltage indicating that that 1s the position of an elongated
member 240 of input shait target 110 1n relation thereto. In
a second position 300, the elongated member 240 of 1mnput
shaft target 110 exhibits an angle a with PCB 220 and input
shaft target sensor 180 1s arranged to output an amount of
voltage responsive to angle a. Thus, control circuitry 210 1s
arranged to detect the change from position 290 to position
300, exhibiting angle o, and determine the change in the
angular position of input shatt 120 responsive thereto. Those
skilled 1n the art will recognize that such an arrangement can
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discriminate rotation over a single gap 247, and can not
distinguish rotation over multiple gaps 247, 1.e. the total
discrimination 1s equal to 360°/the number of elongated
members 240 of imput shait target 110.

Due to the rotation of input shait 120, tooth gear 160
rotates, the rate of rotation being a function of the tooth
number ratio with tooth gear 150, as described above. In
stage 1010, gear target sensor 200 1s arranged to sense the
angular rotation of gear target 170 responsive to relative
movement therebetween, as described above 1n relation to
input shaft target sensor 180. Particularly, as described
above 1n relation to input shaft target sensor 180, gear target
sensor 200 outputs a different voltage when outer face 245
ol an elongated member 240 of gear target 170 1s presented
to 1t than when gap 247 between adjacent elongated mem-
bers 240 of gear target 170 1s presented to 1t. Control
circuitry 210 1s arranged to receive the detection voltages
from both input shaft target sensor 180 and gear target
sensor 200. In stage 1020, control circuitry 210 1s arranged
to determine the angular rotation of input shaft 120, in
relation to an imtial position thereof, responsive to the
detected angular rotations of input shaft target 110 and gear
target 170. Specifically, control circuitry 210 1s arranged to
determine how much the steering wheel, and input shaft 120,
were rotated. In a typical vehicle, the steering wheel can be
rotated up to 540 degrees in each direction. Due to the
rotational velocity difference between input shait target 110
and gear target 170, control circuitry 210 can accurately
determine the amount of rotation up to, and greater than, 540
degrees 1n each direction by using both the measurement of
the rotation of input shait target 110 and the measurement of
the rotation of gear target 170. In particular, the gearing ratio
and the respective number of elongated members 240 of
cach of input shaft target 110 and gear target 170 are selected
so as to provide a unique output for each measurement over
the range of allowed motion.

In stage 1030, output shaift target sensor 190 1s arranged
to sense the angular rotation of output shaft target 130
responsive to relative movement therebetween, as described
above 1n relation to input shaft target sensor 180. Particu-
larly, as described above, output shaft target sensor 200
outputs a different amount of voltage when outer face 245 of
an elongated member 240 of output shait target 130 1is
presented to 1t than when gap 247 of output shaft target 130
1s presented to 1t. When an angular force 1s applied to the
steering wheel, mput shaft 120 immediately rotates accord-
ingly. The rotation of output shaft 140, and as a result output
shaft target 130, lags behind the rotation of input shatt 120
due to the torsion constant of torsion bar 250. In stage 1040,
control circuitry 210 1s arranged to determine the difference
between the voltage amounts output by input shait target
sensor 180 and output shaft target sensor 190 and determine
the amount of torque applied to mput shaft 120 responsive
to the determined difference and the torsion constant of
torsion bar 2350. In stage 1050, control circuitry 210 1s
arranged to output the determined angular rotation of stage
1020 and the determined amount of applied torque of stage
1040.

Advantageously, a single PCB 220 1s utilized for both
angular rotation and torque detection. Additionally, due to
the shapes and positions of input shaft target 110 and output
shaft target 130, clongated members 240 of input shait target
110 and output shait target 130 don’t interfere with each
other when being detected by the respective sensors.

It 1s appreciated that certain features of the invention,
which are, for clarity, described 1n the context of separate
embodiments, may also be provided 1n combination 1n a
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single embodiment. Conversely, various features of the
invention which are, for brevity, described 1n the context of
a single embodiment, may also be provided separately or 1n
any suitable sub-combination.

Unless otherwise defined, all technical and scientific
terms used herein have the same meanings as are commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods similar or equivalent
to those described herein can be used 1n the practice or
testing of the present invention, suitable methods are
described herein.

All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference in
their entirety. In case of conflict, the patent specification,
including definitions, will prevail. In addition, the materials,
methods, and examples are 1llustrative only and not intended
to be limiting.

The terms “include”, “comprise” and “have” and their
conjugates as used herein mean “including but not neces-
sarily limited to”.

It will be appreciated by persons skilled 1n the art that the
present invention 1s not limited to what has been particularly
shown and described hereinabove. Rather the scope of the
present invention 1s defined by the appended claims and
includes both combinations and sub-combinations of the
various features described hereinabove as well as variations
and modifications thereotf, which would occur to persons
skilled 1n the art upon reading the foregoing description.

The mvention claimed 1s:

1. An angular rotation sensor system comprising:

an input shaft;

an output shafit;

a torsion bar coupled between said input shaft and said
output shaft;

an input shait target enclosing a first portion of said input
shaft, said mput shaft target comprising a plurality of
input shaft target members, each of said plurality of
input shait target members exhibiting a face parallel to
a longitudinal axis of said input shaft;

an output shaft target enclosing a portion of said output
shaft, said output shait target comprising a plurality of
output shaft target members, each of said plurality of
output shaft target members exhibiting a face parallel to
a longitudinal axis of said output shaft;

a gear target, an angular velocity of said gear target
exhibiting a predetermined ratio with an angular veloc-
ity of said input shaft, said gear target comprising a
plurality of gear target members, each of said plurality
of gear target members extending away from said input
shaft and exhibiting a face orthogonal to a plane which
1s parallel to the longitudinal axis of said input shatt;

an input shaft target sensor arranged to sense an angular
rotation of said mput shait target responsive to relative
movement between said face of each of said plurality of
input shaft target members and said input shait target
SeNsor;

an output shaft target sensor arranged to sense an angular
rotation of said output shaft target responsive to relative
movement between said face of each of said plurality of
output shaft target members and said output shait target
SeNsor;

a gear target sensor arranged to sense an angular rotation
of said gear target responsive to relative movement
between said face of each of said plurality of gear target
members and said gear target sensor; and

a control circuitry, said control circuitry arranged to:
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determine an angular position of said input shaft
responsive to said sensed angular rotation of said
input shait target and said sensed angular rotation of
said gear target;

determine the amount of torque applied to said input
shaft responsive to said sensed angular rotation of
said 1mput shaft target and said sensed angular rota-
tion of said output shait target; and

output said determined angular position and said deter-

mined torque amount of said input shafit.
2. The angular rotation sensor system of claim 1, further

comprising a printed circuit board (PCB), said mput shaft
target sensor, said output shait target sensor and said gear
target sensor disposed on said PCB, wheremn said PCB

defines a plane parallel to the longitudinal axis of said input

shaftt.

3. The angular rotation sensor system of claim 1, further

comprising;

a first tooth gear enclosing a second portion of said input
shaft, said first tooth gear exhibiting a first number of
teeth; and

a second tooth gear exhibiting a second number of teeth,
said teeth of said second tooth gear meshed with said
teeth of said first tooth gear, said gear target coupled to
said second tooth gear and arranged to rotate respon-
sive to a rotation of said second tooth gear,

wherein said arrangement to determine the angular posi-
tion of said iput shait 1s further responsive to the ratio
of the first number of teeth to the second number of
teeth.

4. The angular rotation sensor system of claim 3, wherein

said second tooth gear i1s perpendicular to said first tooth

gear.
5. The angular rotation sensor system of claim 1, wherein

cach of said plurality of gear target members extends from
a circular base, said parallel plane defined by said circular
base.
6. An angular rotation sensor system comprising;
an nput shaft target enclosing a first portion of an mput
shaft having a longitudinal axis, said input shaft target
comprising a plurality of mput shait target members,
cach of said plurality of input shait target members
rotating about the longitudinal axis of said input shatft;
an output shait target enclosing a portion of an output
shaft having a longitudinal axis, said output shaift target
comprising a plurality of output shaft target members,
cach of said plurality of output shaft target members
rotating about the longitudinal axis of said output shaft;
a gear target, an angular velocity of said gear target
exhibiting a predetermined ratio with an angular veloc-
ity of the iput shait, said gear target comprising a
plurality of gear target members, each of said plurality
of gear target members rotating about an axis orthogo-
nal to the longitudinal axis of said input shaft;
an mnput shaft target sensor arranged to sense an angular
rotation of said mput shaft target responsive to relative
movement between said face of each of said plurality of
input shait target members and said mput shaft target
SeNnsor;
an output shait target sensor arranged to sense an angular

rotation of said output shaift target responsive to relative
movement between said face of each of said plurality of
output shaft target members and said output shait target
SeNnsor;

a gear target sensor arranged to sense an angular rotation
of said gear target responsive to relative movement
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between said face of each of said plurality of gear target
members and said gear target sensor; and
a control circuitry, said control circuitry arranged to:

determine an angular position of the input shaft respon-
stve to said sensed angular rotation of said input
shaft target and said sensed angular rotation of said
gear target;

determine the amount of torque applied to the input
shaft responsive to said sensed angular rotation of
said 1put shait target and said sensed angular rota-
tion of said output shaft target; and

output said determined angular position and said deter-

mined torque amount of said input shaft.

7. The angular rotation sensor system of claim 6, further
comprising a printed circuit board (PCB), said mput shaft
target sensor, said output shait target sensor and said gear
target sensor disposed on said PCB,

wherein said PCB defines a plane parallel to the longitu-
dinal axis of said 1nput shatt.

8. The angular rotation sensor system of claim 6, further

comprising;

a first tooth gear enclosing a second portion of said 1nput
shaft, said first tooth gear exhibiting a first number of
teeth; and

a second tooth gear exhibiting a second number of teeth,
said teeth of said second tooth gear meshed with said
teeth of said first tooth gear, said gear target coupled to
said second tooth gear and arranged to rotate respon-
sive 1o a rotation of said second tooth gear,

wherein said arrangement to determine the angular posi-
tion of said input shaftt 1s further responsive to the ratio
of the first number of teeth to the second number of
teeth, and wherein said second tooth gear 1s perpen-
dicular to said first tooth gear.

9. The angular rotation sensor system of claim 6, wherein
cach of said plurality of gear target members extend from a
circular base, each of said plurality of gear target members
having a rounded face that 1s substantially concentric to said
circular base.

10. The angular rotation sensor system of claim 9,
wherein said circular base extends in a plane that 1s parallel
to the center axis of said input shaft.

11. A method of sensing angular rotation, the method
comprising;

providing an mput shait target enclosing a first portion of
an input shaft;

providing an output shait target enclosing a portion of an
output shaft;

providing a gear target, an angular velocity of said gear
target exhibiting a predetermined ratio with an angular
velocity of the mput shaft;

sensing an angular rotation of said iput shaft target;

sensing an angular rotation of said output shaft target;

sensing an angular rotation of said gear target;

determiming an angular position of said input shaift
responsive to said sensed angular rotation of said input
shaft target and said sensed angular rotation of said gear
target;

determining the amount of torque applied to said 1nput
shaft responsive to said sensed angular rotation of said
iput shaft target and said sensed angular rotation of
said output shaft target; and

outputting said determined angular position and said
determined torque amount of said mput shatt.

12. The method according to claim 11, wheremn said

provided mput shait target comprises a plurality of input
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shaft target members, each of said plurality of mput shait
target members exhibiting a face parallel to a longitudinal
axis of said input shatft.

13. The method according to claam 12, wherein said
sensing an angular rotation of said mput shaft target 1s
responsive to relative movement between said face of each
of said plurality of iput shait target members and an 1mnput
shaft target sensor.

14. The method according to claim 11, wherein said
provided output shaft target comprises a plurality of output
shaft target members, each of said plurality of output shait
target members exhibiting a face parallel to a longitudinal
axis of said output shatt.

15. The method according to claam 14, wherein said
sensing an angular rotation of said output shaft target 1s
responsive to relative movement between said face of each
of said plurality of output shaft target members and an

output shait target sensor.
16. The method according to claim 11, wherein said gear

target comprises a plurality of gear target members, each of

said plurality of gear target members extending away from
the mput shaft and exhibiting a face orthogonal to a plane
which 1s parallel to the longitudinal axis of the iput shafit.
17. The method according to claim 16, wherein said
sensing an angular rotation of said gear target 1s responsive
to relative movement between said face of each of said
plurality of gear target members and a gear target sensor.
18. The method according to claim 11, wherein said
provided input shaft target comprises a plurality of input
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shaft target members, each of said plurality of input shait
target members exhibiting a face parallel to a longitudinal
axis of said input shaft, and

wherein said sensing an angular rotation of said input

shaft target 1s responsive to relative movement between
said face of each of said plurality of mput shaft target
members and an mput shait target sensor.

19. The method according to claim 18, wherein said
output shait target comprises a plurality of output shaft
target members, each of said plurality of output shaift target
members exhibiting a face parallel to a longitudinal axis of
said output shait, and

wherein said sensing an angular rotation of said output

shaft target 1s responsive to relative movement between
said face of each of said plurality of output shaft target
members and an output shafit target sensor.

20. The method according to claim 19, wherein said gear
target comprises a plurality of gear target members, each of
said plurality of gear target members extending away from
the mput shait and exhibiting a face orthogonal to a plane

which 1s parallel to the longitudinal axis of the mput shaft,
and
wherein said sensing an angular rotation of said gear
target 1s responsive to relative movement between said
face of each of said plurality of gear target members
and a gear target sensor.
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